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ABSTRACT : 

A method is provided for identifying an compound that affects an activity of a 
polypeptide subunit of a SCF complex. The method includes contacting a sample 
comprising a chimeric SCF complex assembled from subunits derived from 
Saccharomyces cerevisiae or human and another species and a CDC34p polypeptide 
with the -^compound under conditions that allow the components to interact, and 
adding to these components an El enzyme, ubiquitin and ATP, and a SCF substrate. 
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The ubiquitination of the SCF substrate is measured. A chimeric in vitro assay 
system is provided for measuring CDC53p or CULlp activity, comprising a CDC4p, 
CDC34p, and a SKPlp polypeptide, and either a CDC53p or CULlp polypeptide. In this 
assay the CDC4p, CDC34p, and SKPlp polypeptide are either a yeast polypeptide or a 
polypeptide from another species, and at least one of the CDC4p, CDC34p, and SKPlp 
polypeptides is a yeast polypeptide and at least one of the CDC4p, CDC34p, and 
SKPlp polypeptides is a polypeptide from another species. A method is further 
provided for identifying a compound that affects the ability of a CDC4p, a SKPlp, 
a CDC34p, and a CDC53p or a CULlp to ubiquitinate a substrate. The method includes 
contacting a sample comprising a CDC4p, a SKPlp, a CDC34p, and a CDC53p or CULlp, 
with the compound under conditions sufficient to allow the components to interact, 
and adding to these components an El enzyme, ubiquitin and ATP, and a substrate 
for ubiquitination. The ability of the CDC4p, the SKPlp, the CDC34p, and the 
CDC53p or CULlp, to ubiquitinate the substrate is measured. A method is also 
provided of identifying a polypeptide having a function of a CDC4 subunit of SCF. 
A method is further provided for identifying a polypeptide as a substrate for a 
ubiquitination reaction. 

25 Claims, 0 Drawing figures 
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The present invention provides compositions and methods for gene identification, 
as well as drug discovery and assessment. In particular, the present invention 
provides components of an E3 complex involved in ubiquitination of cell cycle 
regulators and other proteins, as well as members of a class of proteins that 
directly function in recognition of ubiquitination targets. The present invention 
also provides sequences of multiple F-box proteins. 

4 Claims, 33 Drawing figures 
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CLAIMS : 



What is claimed is: 

1. A method for the detection of one or more NF- . kappa. B regulatory factors 
comprising the steps of : 

a) providing a slimb protein, and a sample suspected of containing one or more 
NF- . kappa . B regulatory factors; 

b) exposing said slimb protein to said sample- under conditions such that said 
slimb protein binds to said one or more NF- . kappa. B regulatory factors to form a 
slimb/regulatory factor complex; and 

c) detecting said slimb/regulatory factor complex. 

2. The method of claim 1, further comprising the step of observing said 
slimb/regulatory factor complex for. degradation of said one or more NF- . kappa. B 
regulatory factors. 

3. The method of claim 1,- further comprising the step of exposing said slimb 
protein and one or more NF- . kappa. B regulatory factors to an F-box protein 
antagonist. 

4. The method of claim 3, wherein said F-box protein antagonist prevents the 
formation of said slimb/regulatory factor complex. 
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determined by those experienced in the art by approaches including, but not 
limited to two -hybrid library screens, immunoprecipitation analysis followed by 
immunoblotting with antibodies against candidate targets, peptide mapping, mass 
spectral analysis, peptide sequencing, and/or by screening lambda based 
expression libraries with F-box protein probes. 

DEPR: 

For example, the present invention provides an example whereby a novel E3 
ubiquitin ligase complex has been identified using the methods and compositions 
described herein. In particular, the F-box protein slimb (TRCP) , was found to 
associate with I. kappa. B, providing the potential to screen for factors that 
regulate the NF- . kappa. B pathway. This has important implications in the 
regulation and control of cancer and the immune system, among other important 
physiological effects . 

DEPR: 

The present invention also finds use in investigating the function and methods of 
altering protein targets whose abundance is altered in disease. For example, 
cyclins are frequently overexpressed in cancer cells. Thus, mutations in F-box 
proteins involved in cyclin destruction will lead to cyclin accumulation; such 
cyclin accumulation may promote inappropriate cell division characteristic of 
cancer. The present invention also finds utility in the identification of 
mutations in F-box genes through various methods, including, but not limited 
sequence analysis, Southern blot analysis of DNA, etc. Furthermore, the present 
invention also finds use in assessing alterations in cellular protein abundance 
due to overexpression of particular F-box proteins. It is contemplated that such 
alterations are associated with particular diseases. The present invention also 
finds use in determination of overexpression caused by gene amplification in DNA 
samples from diseased tissue or individuals through such methods as Southern 
analysis using a particular F-box gene as probe. 

DEPR: 

As discussed above, the present invention provides compositions and methods for 
gene identification and characterization, as well as drug discovery and 
assessment. In particular, the present invention provides components of an E3 
complex involved in ubiquitination of cell cycle regulators and other proteins, 
as well as members of a class of proteins that directly function in recognition 
of ubiquitination targets (i.e., F-box proteins). These compositions are involved 
in protein degradation pathways associated with the eukaryotic cell cycle. 

DEPR: 

The determination that Cdc4 functions in the recognition and ubiquitination of 
phosphorylated Sicl is consistent with a function of F-box proteins being 
recognition of ubiquitination targets. During the development of the present 
invention, investigations into whether specific F-box proteins could have broad 
specificity and interact with multiple targets, or could be relatively restricted 
in their target specificity, perhaps associating with only a single target, were 
conducted . 



DEPR: 

To elucidate the selectivity of F-box proteins, experiments were conducted to 
determine whether substitution of Cdc4 by another F-box protein (Grrl) could 
support Sicl binding and ubiquitination. Grrl has an F-box near its N-terminus 
and can interact simultaneously with Skpl and Cdc53 when co-expressed in insect 
cells. Gene 10-tagged Grrl (Grrl . sup . 10) was also found to interact 
simultaneously with Skpl and Cdc53, when co-expressed in insect cells (See, FIG. 
4A) . It was found that Grrl and Cdc4 interact with Skpl/Cdc53 in a mutually 
exclusive manner. In contrast with Cdc4, however, the Grrl/Cdc53 interaction in 
insect cells was not enhanced by co-expression of Skpl, although Skpl assembled 
with these complexes. 

DEPR: 

Importantly, Grrl assembled with Cdc53/Skpl (i.e., Cdc53/Skpl/Grrl complex) was 
unable to associate with phosphorylated Sicl and did not support ubiquitination 
of phosphorylated Sicl complexes in the in vitro system with purified proteins 
under conditions where Cdc4 readily facilitates Sicl binding and ubiquitination 
(See, FIGS. 4B and C) . Therefore, the F-box proteins of some embodiments of the 
present invention display selectivity toward particular targets. 
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DEPR: 

Previous studies have shown that mutations of potential Cdc28 phosphorylation 
7 sites in the C-terminal PEST domain in Cln2 increase its stability in vivo 

(Lanker et al . , Science 273:1597-1601 [1996]), and that only the phosphorylated 
form of Cln2 is associated with Cdc53 in vivo (Willems et al . , [1996], supra), 
implicating this interaction in the Cln destruction pathway. Cdc28 is required 
for Cln phosphorylation although it has not been determined that the requisite 
phosphorylation reflects aut ©phosphorylation or phosphorylation by a distinct 
protein kinase. The finding that Sicl is recognized by the F-box protein Cdc4 , 
together with a genetic requirement for the F-box protein Grrl in Cln 
destruction, led to the next step in the development of the present invention, 
namely the examination of whether Grrl functions in recognition of phosphorylated 
Clns. 



DEPR: 

To generate Cln proteins for binding reactions, Cln/Gst-Cdc28 complexes were 
isolated from insect cells. In the presence of ATP, both Clnl and Cln2 were found 
to be autophosphorylated, a modification that reduces their electrophoretic 
mobility (see below) . To examine whether Grrl can associate with phosphorylated 
Clns and to compare the extent of selectivity of Grrl and Cdc4 toward Cln 
binding, anti-Skpl . sup . F immune complexes from cells co-expressing Grrl or Cdc4 
in the presence or absence of Cdc53 were used in binding reactions with .sup. 32 
P-labeled Clnl or Cln2 kinase complexes, .sup. 32 P-labeled Sicl was used as a 
control for Cdc4 binding. Both Clnl and Cln2 complexes were found to associate 
with Grrl/Skpl.sup.F /Cdc53 complexes (See, FIG. 5A) with an efficiency of about 
40% of the input Clnl or Cln2 (See, FIG. 5A, lanes 8 and 12) and this association 
did not require Cdc53 (lane 16) . In contrast, about 6% of the input Cln proteins 
associated with Cdc4 / Skpl . sup . F complexes independent of the presence of Cdc53 
(lanes 7, 11, and 15) , compared with 1% association in the absence of an F-box 
protein (lanes 6, 10, 14) . The extent of selectivity of these F-box proteins for 
Cln and Sicl was further reflected by the observation that Clnl protein present 
in the phosphorylated Sicl preparation was selectively enriched in Grrl complexes 
(FIG. 5A, lane 4) . The presence of all proteins in the binding reaction was 
confirmed by immunoblotting (FIG. 5B) and the quantities of Cdc4 and Grrl were 
comparable, based on Coomassie staining of SDS gels of immune complexes. Thus, 
Grrl and Cdc4 display specificity toward physiological substrates. 

DEPR: 

The present invention contemplates that a large number of proteins contain the 
F-box, and are thereby implicated in the ubiquitin pathway. The development of 
the present invention has revealed that F-box proteins directly contact 
ubiquitination substrates and can display selectivity in recognition of potential 
targets for ubiquitination, as would be expected of E3 proteins. For example, 
both Grrl and Cdc4 assemble into mutually exclusive complexes with Cdc53 and Skpl 
(FIG. 4) . However, Grrl does not associate with Sicl, nor does it support Sicl 
ubiquitination. In contrast, it was found that Cln proteins efficiently associate 
with Grrl/Skpl.sup.F complexes and with Cdc4 /Skpl . sup . F (although less 
efficiently) (See e.g., FIG. 5). Although Cdc53 was originally isolated as a 
Cln2-interacting protein (Willems et al . , [1996], supra), the present invention 
provides evidence that this original interaction was bridged by Grrl and possibly 
Cdc4 . The Grrl/Cln interaction is of interest in view of the fact that GRR1, 
CDC53, and SKP1 are required for destruction of Cln proteins, and suggests that 
Grrl functions as a component of an E3 for Cln ubiquitination.. The absence of Cln 
ubiquitination by purified Grrl complexes is likely to indicate the absence of an 
essential factor (s) or modifications that are not required for Sicl 
ubiquitination in vitro, and provides evidence that Cln ubiquitination may be 
more complex than is Sicl ubiquitination. Nonetheless, the present invention 
provides methods, compositions, and models for the development of compounds that 
interact with. the ubiquitination process, and thereby affect protein degradation 
through any number of routes. 

DEPR: 

Despite the observation that F-box proteins may show selectivity towards 
potential substrates, it is unlikely that F-box proteins will be monospecific. 
For example, in S. pombe, recent genetic data have linked the CDC4 homolog 
pop+with the ubiquitination of both the CK1 Ruml and Cdcl8, a regulator of DNA 
replication (Kominami and Toda, Genes Dev., 11:1548-1560 [1997]). In budding 
yeast, CDC4 has also been implicated in destruction of the Cdcl8 homolog Cdc6 
(Piatti et al . , Genes Dev., 10:1516-1531 [1996]), indicating that it too has 
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multiple targets. It was also determined that Cdc4 can associate with Clns, 
albeit less efficiently than with Grrl (FIG. 5) . Of importance is the fact that 
all of the targets of F-box protein mediated destruction identified to date are 
central regulators of key events in the cell, including DNA replication, cell 
cycle progression, and nutritional sensing. 

DEPR: 

Sicl destruction is genetically dependent upon Cdc34, Cdc4, Cdc53, and Skpl . 
During the development of the present invention, it was determined that these 
proteins are directly involved in the ubiquitination process. As Cdc53 can 
simultaneously bind the E2 Cdc34 and Skpl, it frictions as an adapter linking the 
Skpl/F-box protein complex to E2s (FIG. 1) . In turn, Skpl has the ability to link 
Cdc4 to Cdc53 . Cdc4 binds both Skpl and the ubiquitination substrate Sicl. The 
interaction of Cdc4 with Skpl was shown to involve the F-box located in the 
N-terminus of Cdc4 , while the interaction with Sicl involves Cdc4 ' s C-terminal 
WD4 0 repeats (FIG. 2) . Skpl was also shown to be involved in substrate 
recognition because it enhances the association of Cdc4 with phosphorylated Sicl. 
Cdc4 was shown to act as a receptor that, in conjunction with Skpl, recruits 
substrates to the ubiquitination complex. It is contemplated that any of these 
proteins could also have carrier roles in the transfer of ubiquitin like E6AP 
(See e.g., Scheffner et al . , Cell 75 :495-505 [1995] ) . However, it was determined 
that mutation of the only conserved cysteine in Skpl or all 6 cysteines in Cdc53 
did not impair complementation of skpl or cdc53 null mutations, respectively, 
indicating that these two proteins are unlikely to transfer ubiquitin by a 
thio-ester intermediate. 

DEPR: 

A central feature in the recognition of Sicl and Cln by F-box proteins is the 
phosphorylation dependent nature of the interaction. Association of Sicl with 
Cdc4 -containing complexes and subsequent ubiquitination requires Sicl 
phosphorylation, as shown in FIGS. 2 and 3. It was also shown that Sicl 
phosphorylated by excess Clb5/Cdc28 kinase can be ubiquitinated in vitro (See, 
FIG. 3E) . It is contemplated that the initial generation of Clb5/Cdc28 activity 
at the Gl/S transition could potentially accelerate Sicl destruction facilitating 
the sharp and unidirectional change of state characteristic of cell cycle 
transitions . 



DEPR: 

While regulating the association of F-box proteins through substrate 
phosphorylation is an effective method controlling the timing of ubiquitination, 
it is not necessarily the case that all F-box proteins will recognize their 
substrates in a phosphorylation dependent manner. Observations made during the 
development of the- present invention indicate that WD-4 0 and LRR containing F-box 
proteins can interact with phosphorylated substrates, but approximately half of 
the known F-box proteins do not have obvious protein interaction motifs. 
Nonetheless, the present invention provides methods, compositions, and models to 
determine whether the interaction of these proteins with their targets is 
regulated by phosphorylation or even involves ubiquitination. The timing of 
ubiquitination could be controlled by mechanisms unrelated to substrate 
phosphorylation, such as controlled accessibility of substrates or regulated 
expression, localization, or modification of the F-box protein, thus providing 
methods for development of compounds that affect proteolysis. 

DEPR: 

While the abundance of Cdc4 is not cell cycle regulated, the F-box protein Skp2 
displays cell cycle-regulated mRNA abundance which peaks in S-phase, consistent 
with its association with cyclin A during that phase of the cycle (Zhang et al . , 
[1995] , supra) . In vivo, association of Grrl and Skpl is enhanced in the presence 
of glucose in a post- translational mechanism. 

DEPR: 

A large number of proteins contain PEST sequences and in a subset of these 
proteins, these sequences have been shown to be phosphorylated and to mediate 
instability. The development of one embodiment of the present invention focused 
on the role of Skpl and F-box proteins in assembly of a ubiquitination complexes 
that recognizes specific phosphorylated proteins. While the particular complex 
defined by this embodiment of the present invention is unlikely to be responsible 
for recognition of all PEST-dependent proteolysis substrates, this complex is 
likely to be the prototype for a diverse set of complexes in higher eukaryotes. 
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